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We examine a set of four (one-dimensional) transport 
equations which describe the temporal evolutions of the 
density, the electron and ion temperatures, and the radial 
electric field in a cylindrical heliotron configuration, to 
study the hysteresis characteristic of the radial electric field. 
The profiles of the density, the electron and ion 
temperatures and 
the radial electric field are analysed using a self-consistent 
calculation. We solve these four equations as an initial value 
problem, and study the steady state of the density, the 
electron and ion temperatures and the radial electric field as 
the results of the calculation. The anomalous transport 
process is assumed to be ambipoiar, because the electric 
field formation due to the neoclassical transport is 
considered to be dominant compared with that due to the 
anomalous transport. This is confirmed by the recent 
observations in experiments. The impact of the possible 
bipolar part of the anomalous transport will be studied in 
future. At first, we compare the results of the E, structure in 
the cases of the local and consistent (one-dimensional) 
analysis. Maxwell's construction is described which 
determines the structure of the radial electric field near the 
transition point. Next, the structure of the radial electric 
field is studied and the radial change of the transition point 
is examined in the steady state for different values of the 
particle source. A Maxwell's construction will be confirmed 
concerning the transition point when the diffusion equation 
for the radial electric field is used to evaluate the radial 
profile of the electric field in this theoretical study. The 
investigation is done in the plane which is composed of the 
radial electric field at some point and the line averaged 
density. The response to the line averaged density is studied. 
[t is concluded that the bifurcation nature that induces the 
transition can be seen in a rapid change of curvature. 
When the heat or particle source profile temporally 
changes, the radial electric field shows a temporal evolution. 
If the temporal change is fast compared with the typical 
confinement time, the inertial term influences the radial 
profile of the electric field. The change (a hysteresis) of the 
transition point in the radial electric field has been studied 
when the heating power of electrons increases or decreases. 
!t was found that there is a difference in the location of the 
transition point for the three cases of (a) increasing heating 
power, (b) decreasing heating power and (c) temporally· 
constant heating power (steady state). Specially, the 
transition points move away from those in the steady state if 
the characteristic time of the temporal change of the electron 
temperature IT J(OT .!8I)1 is much smaller than the typical 
confinement time. When the state is not steady, the location 
of the transition point is different from that in the steady 
state due to the so-called inertia effect. We study the case of 
the rapid density variation shown. When the density 
increases, we linearly increase the value during the time 
0.01 s. When the density decreases, we linearly decrease the 
value during the time O.O[s. The values of the heating power 
of electrons and ions are fixed at I MW and 500kW, 
respectively. In Fig. I, the radial electric field E, at p=0.5, as 
a function of the line averaged density <n>, is shown. The 
case in which the density increases is shown by the solid 
line and the arrow indicates the temporal direction. The 
dotted line represents the case when the density decreases in 
time. In the parameter region examined here, the typical 
energy confinement time is about 0.01 s. The characteristic 
time of the temporal change of the density is around 5 x 10' 
's in this case. The typical time of the density change is 
. smaller than the typical confinement time. Therefore, we 
can see a difference (a hysteresis characteristic), in terms of 
the location of the transition point in the E,-<n> plane, 
when the value of the source temporally increases and 
decreases. 
In summary, a one-dimensional model equation of the 
radial electric field bifurcation is analysed in toroidal helical 
plasmas. We studied the impact of the evolution of the 
plasma density on the radial electric field. The numerical 
formula of the neoclassical components of particle and heat 
fluxes in helical systems is employed. At first, we explained 
Maxwell's construction. The thermodynamical potential is 
defined in the diffusion equation for the radial electric field. 
Maxwell's construction determines the transition point from 
the different branches which is derived from the local 
analysis. At the location of the transition point," Maxwell's 
construction is satisfied from the results of the one-
dimensional analysis. If the radial electric field is studied in 
the steady state, no hysteresis characteristic in terms of the 
location of the transition point is found in the Er-<n> plane. 
If the heat and particle source profiles change rapidly, we 
can find a hysteresis of the location of transition point on 
the E,-<n> plane. It should be emphasized that this is not 
because there is a hysteresis characteristic in local Er 
ambipolar solutions. This difference comes from the time 
derivative of the physical quantity. Therefore, the difference 
becomes large if the characteristic time of the change of the 
physical quantity is much smaller than the typical 
confinement time. The bifurcation characteristic that causes 
local multiple solutions of Er can be seen in the strong 
curvature on the E,-<n> plane. The time scale of the change 
of the averaged density is a key to distinguish whether there 
is a difference (or a hysteresis) of the transition point in 
experiments. 
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Fig.1 The dependence of the value of E,(p=O.5) 
on the line averaged density <n> 
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